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ABSTRACT

Four trials using chicks were conducted to measure the metabo
lizable energy (ME) of fats, oils and combinations of these using a
relatively fat free basal diet.

The objective was to determine if

ME values for fats and oils could be measured which did not exceed
their gross energy values.

The effects of fecal drying temperature

on ME, level of

fat

or oil inclusion on ME, reference source (glucose

or soybean oil)

and

response of sex on ME were also studied.

In Trial 1 the ME of soybean oil (SBO) and tallow at 5, 10, and
14% replacementwere calculated based on glucose of SBO as the refe
rence material.

No

differences were noted when ME values weremeasured

based on glucose or SBO as a reference material.

The 10% level of fat

or oil inclusion had a significantly higher ME than the 5 or 15% level
of inclusion.

Trial 1 also evaluated the effect of varying fecal

drying temperature on ME measurement.

The ME value measured at 70 C

for SBO (9.92 kcal/g) was significantly higher than the observed
value for SBO at 105 C (9.44 kcal/g).
Metabolizable energy values for tallow and blends of SBO and
tallow were measured in Trial 2.

Results indicated that ME of diets

containing only tallow were statistically lower than the SBO:tallow
blends of 2:8 and 4:6.

The ME of the 6:4 and 8:2, SBO:tallow blends,

were statistically higher than all others.

The ME values measured

for 1die energy sources in Trial 2 were equal to or less than their
ix

respective National Research Council-77 (NRC-77) values, with the
exception of the 6:4 (SBO:tallow) blend, which was statistically
higher than its calculated NRC-77 value.
In trials 3 and 4, ME values measured for fish oil, lard and
olive oil were all observed to be less than their calculated NRC-77
values. -ME values for poultry fat and coconut oil were measured to
be equal to their NRC-77 values.
Male and female chicks were observed to utilize energy sources
different only in Trial 4.

The ME value of the females was 7.63

kcal/g whereas the male ME value was 7.25 kcal/g.

x

INTRODUCTION

The increased availability of fats at the close of World War II,
the development of anti-oxidants, and the development of high energy
diets contributed to fats becoming an important part of the feed
industry in the 1950's.

In October, 1958 bleachable tallow was 16.72

cents per kilogram and eventually dropped to 12.54 cents per kilogram
in August, 1959.

It was not until 1973 that the economical situation

made fat an important aspect of nutrition research.

It was during

this time that the cost of feed ingredients rose to new heights;
bleachable tallow went to over 44 cents per kilogram.

Since 1974

until present, inedible fat has fluctuated from 22 to 44 cents per
kilogram range in the market.
Research has uncovered many interesting yet unexplainable
points concerning animal utilization of fats and oils.

Metabolizable

energy (ME) values have been reported which underestimate the ME
values of fats and oils studied.

The literature also contains

reports of ME values for fats and oils which exceed their gross
energy values.

This is theoretically impossible since by definition

ME is gross energy minus fecal and urinary energy.

A number of

hypotheses on why this "discrepancy" occurs have been advanced.
One explanation is that when a saturated and unsaturated energy source
are mixed, absorption of the saturated energy source is enhanced by
the unsaturated energy source.
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The following studies using broiler chicks were conducted,
through the use of fat-free basal diet, to determine if the ME
of a fat, oil, or blends of these could be measured without exceeding
their gross energy (GE) value.

Studies were conducted to determine

which is the more appropriate reference material, a carbohydrate or
fat, when measuring the ME value of a fat, oil, or fattoil blends,
level of inclusion of fats and oils, fecal drying temperature, and
response of sex were also considered to know how they affect ME.

REVIEW OP LITERATURE

Hathaway (1977) pointed out that the feed value of a fat is
determined by its fatty acid composition.

The digestion of a fat is

determined by type and amount of fatty acid present as well as position
of attachment to the glycerol moiety.

The unsaturated fatty acids

are utilized well regardless of point of attachment.

The utilization

of saturated fatty acids can vary greatly depending on the point of the
attachment.

Saturated fatty acids located at the two position of

glycerol molecule have a higher absorbability than the same saturated
fatty acids which have been hydrolyzed at position one or three.
This is one of the reasons lard is ’more digestible than beef tallow.
Palmitic acid in lard is usually attached at the two position, where
as in beef tallow, palmitic is randomly attached.

The saturated fatty

acids are not as readily absorbed as the unsaturated fatty acids which
are almost always well utilized.

Saturated fatty acids digestibility

decreases with chain length, with the C^2 or less saturated fatty
acids being well absorbed.

More total utilization of saturated

fatty acids are obtained when mixed with unsaturated fatty acids,
also because of the high degree of unsaturated fatty acids, the mixing
of saturated fatty acids with them can reduce the amount of oxidation
and rancity.

Other factors such as experimental diet, procedure

employed, protein level, age, and type of bird have been shown to
affect ME values.
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Hathaway (1977) also stated ME values often underestimate the
true value of added fat and seriously overestimate the value of
using protein primarily as an energy source.
Sell et al. (1976) added tallow at 2, 3, or 5% to layer rations
based on corn, wheat, oats, barley or millet and found improvements
in efficiency of egg production, rate of egg production, and feed
conversion above what was expected.

The measured metabolizable

energies of their diets, as influenced by dietary fat, were greater
than calculated.

Greater increases in diet ME above what was expected

for diets based on oats and barley were reported.

Sell et al. (1976)

contributed these findings to the low bushel weight of the oats and
barley used.

They determined the ME for tallow to be 10.3 kcal/g

with corn and 2% fat; 10.37 kcal/g for oats and 4% fat and 9.25 kcal/g
for barley and 6% fat.

They believed the increase in ME was due to

the influence of fat on ration ME.

This disagreed with an earlier

theory by Jensen et al. (1970), who felt the increase in ME represented
improved efficiency of ME utilization (reduced heat increment) caused
by dietary fat.
Biely and March (1957) in three experiments studied the reten
tion of fat and nitrogen in chicks fed various protein and fat levels
in the diet.

They reported that although the level of fat did not

affect growth, it did affect efficiency of use.
15% tallow and 27% protein was more efficient.

The combination of
Biely and March (1957)

also observed that as the supplemental fat in the diet increased, fecal
fat decreased as did the percent of triglycerides in fecal fat.
In general fecal fat was noted to decrease as the level of dietary
protein increased.

Growth rates were similar when birds were fed
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either 12% corn oil or tallow in diets containing 33% protein.
Essary et al. (1965) reported that feeding varying levels of
added fat and protein to broilers from one day to ten weeks of age
did not appreciably influence dressing percentages.

The level of

added fat and protein in the diet influenced fat deposition.

Depo

sited fat could have accounted for much of the weight gain of live
birds fed the higher energy ration.
Sibbald et al. (1960) and Sibbald and Slinger (1962a) found
the type of protein in the basal diet may influence energy availa
bility of the test material.

Sibbald et al. (1961b) presented evi

dence which indicated protein level had no effect on ME values of
cereal grains.

Sibbald and Slinger (1963a) observed that bird age

did not affect ME values.

Assay diet was found to have an effect on

ME depending upon whether the diet was a practical or semi-practical
diet.

Sibbald et al. (1960) also reported that the chromium indicator

method was more precise than the total collection method for ME
determination.

Sibbald and Slinger (1962b) also reported a high

correlation (r=.996) between classical and nitrogen corrected ME.
They concluded that if a feed formulator was to underestimate or
overestimate the actual ME of fat by 500 cal per pound, the error in
the ME calue of the complete diet would be five calories per pound for
each 1% of added fat.
Fat utilization has been shown to vary with bird age.

An experi

ment was conducted by Sibbald and Slinger (1962c) to study the effect
of dietary fat levels (0, 7, 14, or 21%) on ME values.

With increasing

dietary fat levels, ME values decreased in a linear manner.

This

supports the work of Duckworth et al. (1950) who observed decreases
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in fat digestibility associated with increases in level of dietary
fat.

March and Biely (1957) found a reduction in the utilization

of hydrogenated animal fat at high levels of dietary inclusion,
but observed a reverse trend for corn oil.

Sibbald et al . (1961a)

reported an increase in ME of fats with an increase in diet protein,
but no diet fat X protein interaction.
Vohra (1973) reported nitrogen retention was high in neonates
and low in adult birds.

Nitrogen retention varied with age, breed,

genetic make-up and species.

Vohra stated the value for nitrogen

correction tends to overestimate the energy rich sources and under
estimate the ME of protein rich feedstuffs.

Vohra (1973) felt that

8.73 kcal/g, the value reported by Titus et al. (1959) was a better
estimate of the caloric correction for urinary nitrogen than the
8.22 kcal/g reported by Hill and Anderson (1958) . Vohra (1973)
also pointed out the problems incurred with the use of chromic
oxide as a biological marker.

He stated specifically, chromic oxide

is difficult to work with because it is extremely electrostatic and
chromium tends to separate from excreta or high sugar reference
diets.

However, Kane et al. (1950) devised a method to overcome the

former problem by making a dough containing 30% chromic oxide (Cr203)
and 70% flour.
The substitution of fats for glucose in the determination of
fats and oils ME has been questioned by Cullen et al. (1962).

They

determined the ME content and apparent absorbability of different
fat types and grades using chicks fed semi-practical rations.
classical method of ME determination was used.

The

Glucose was used at

14% in the basal diet as a reference and was completely replaced by
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the test fats in the experimental diets.

Refined corn oil was in

cluded under the assumption that it would be a relatively standardized
reference fat.

Table 1.

The ME values found have been duplicated in Table 1.

The metabolizable energy values of fats as determined
by Cullen et al. (1962) .

Range of ME
(kcal/kg)

Average
ME values

Choice white grease

8.50-8.86

8.63

Yellow grease

9.19-9.90

9.51*

Brown grease

7.65-9.19

8.42

Source

10.18*

Poultry grease
Bleachable fancy tallow

7.17-8.29

7.91

No. 2 tallow

7.91

All-beef tallow

7.59

Hydrolyzed animal &
vegetable fat

6.98

6.31-7.66

7.60

Methyl ester of fatty acid
Corn oil (refined)

9.18

8.78-9.57

*ME values greater than gross energy.

Cullen et al. (1962) published these ME values greater than gross
energy and commented that possibly there was some factor or factors
in the diet which enhanced the ME values of the energy sources.

They

also tested the fat samples using both the semi-practical and semi
purified E-9 ciet of Hill and Anderson (1958).
(1962) results are shown in the following table.

Cullen et al.

8

Table 2.

The metabolizable energy content of fats using two
different basal diets (Cullen et al., 1962).

Semi-practical
diet (Kcal/kg)

Source

Semi-purified
E-9 diet (Kcal/kg)

Choice white grease

8.50

8.42

Bleachable fancy
tallow

7.17

8.50

Yellow grease

9.28

8.16

Cullen et al. (1962) observed differing ME values for the same energy
source when determined with two different basal diets.

It was also

noted that ME values obtained in duplicate lots fed the E-9 diet were
in closer agreement than were values obtained with duplicate lots of
chicks fed the semi-practical diet.

The absorbability of fats fed

to chicks at the 14% level was higher for the semi-purified diet than
the semi-practical diet.
Summers and Leeson (1980) tested the hypothesis that the extra
caloric value of fat could be explained by synergism between fatty
acids.

They observed the addition of various levels of corn oil

failed to alter weight gain or enhance feed utilization when corn* oil
was added to a basal diet containing a high level of saturated fatty
acid (10% tallow).

Summers and Leeson (1980) results strongly

disagree with the hypothesis outlined by Leeson and Summers (1976)
since no response was noted.
Farrell (1978a) examined the effects of incorporation of
varying amounts of animal fat (tallow) and corn oil in diets on the
efficiency of utilization of dietary ME in broilers.

Analysis of
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the data indicated that with increasing ME intake, energy retention
tended to increase.

There was no indication of any decrease in

efficiency of utilization of ME with high concentration of dietary
inclusion of fats and oils.

Farrell (1974) observed an increase in

the amount of fat deposited by broilers with increasing ME concen
tration in the diet.

The partial efficiency of utilization of ME for

fat synthesis is about 80%, but only 50% for protein synthesis.

A

partial efficiency of 77% for availability of ME on diets which con
tained no added lipid was in accordance with values reported by the
Agricultural Research Council 1975 (ARC) for conventional diets.
The partial efficiency of 82% for the combined data at the highest
intake (2300 KJ), was in agreement with the ARC value of 85% for
high fat diets.
efficiency.

Thus fat and oil were apparently used with high

At the highest rate of inclusion of oil and fat (118

and 140 g/kg), it was concluded that availability of ME of lipids did
not decline at the rate of inclusion used (42 to 141 g/kg).
Fuller and Rendon (1979) attempted to determine the level of
inclusion of dietary fat which would provide the greatest caloric
efficiency, and whether this level would differ with the type of
fat used.

Their control diets contained glucose monohydrate as a

replacement carbohydrate.

Levels of 5, 10, 15 or 20% fat was used

to replace an equicaloric amount of glucose based upon 9 kcal/g for
fat and 3.64 kcal/g for glucose monohydrate.

A constant calorie:

nutrient ratio was maintained for all diets.

Corn oil was added to

all diets at 1% to avoid a fatty acid deficiency.

Body weight gain

was greater for all diets containing added fat compared to low fat
diets, with no significant difference between source of fat.

Feed
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efficiency was also found to improve with each increment of added
fat.

Caloric efficiency (energy gained/energy absorbed) was greater

for diets containing added fat than in low fat diets.

Caloric

efficiency was slightly greater for diets containing poultry fat
than in those containing corn oil.

As fat levels increased, gross

energy intake also increased? however, the energy absorbed as a
percent of intake decreased slightly as a result of increased energy
excretion at the higher fat level.

Heat increment plus the heat of

activity decreased as a proportion of energy intake at all levels
of dietary fat.

In the case of corn oil the lowest value was achieved

at the 10% dietary fat levels and values increased slightly at higher
levels.

For poultry fat, the heat increment continued to decline

as dietary fat levels increased up to 15% and remained low at the
20% level.

This is in agreement with the lower heat increment at

low levels of fat, except for poultry fat which exhibited the same
heat increment and heat of activity at high and low levels.
Sibbald (1978) measured the effects of fat ratios on the true
metabolizable energy (TME) values of two-component fat mixtures.

In

experiment 1, the basal diet used was composed primarily of wheat
(76%) and soybean meal (20%).

Nine other diets were mixed with 85

parts of this basal and 15 parts of various beef tallow:soybean oil
ratios (100:0; 99:1? 98:2? 96:4? 92:8? 84:16? 68:32? 36:64, and
0:100).

True metabolizable energy of the diets was based on the

basal with soybean oil considered to be a constant.

Lard was substi

tuted for soybean oil in experiment 2 and tallow was obtained from
the same container as experiment 1.

The dietary TME values increased

as the amount of soybean oil in the fat mixture increased.

The TME
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values of the fat mixtures increased in the same manner because
the TME value of tallow was lower (7.92 kcal/g) than that of soybean
oil (9.36 kcal/g).

The simple regression analysis gave the solution

of 9.10 kcal/g for tallow and 9.56 kcal/g for soybean oil.

Since

these values were higher than actually observed, it was concluded
that these values were not additives.

The 1% level of soybean oil

had no effect on ME values and the 84% beef tallow and 16% soybeal oil
blend gave an abnormally low ME value for which they had no explana
tion.

The TME of tallow increased from 7.92 kcal/g in the absence

of soybean oil to 8.93 kcal/g when 36 parts of tallow were combined
with 64 parts of soybean oil.

The effect of soybean oil was most

pronounced at low levels of inclusion, but the beneficial effects
appeared to continue to the highest level of inclusion.

True meta

bolizable energy of diets and fat mixtures increased as the amount
of lard in the fat mixture increased which reflects the fact that
tallow (8.15 kcal/g) was lower in ME than that of lard (9.06 kcal/g).
Solution of regression equations yielded TME values for tallow and
lard of 8.12 and 9.04 kcal/g, respectively.

These were similar to

8.15 and 9.06 kcal/g obtained by direct measurement.

The TME values

for tallow in the various mixtures were calculated by assuming that
the TME value for lard remained constant at 9.06 kcal/g.

The lard

did not induce any consistent changes in the TME value of the tallow.
The TME of tallow was reported to be 7.92 in experiment 1 and 8.15
kcal/g in experiment 2.

Statistical analysis showed this to be non

significant.
Sibbald (1978) accounted the probable cause of the apparent
difference was the slightly different values for the basal diets

(3.58 and 3.55 kcal/g).

The ME values for the basal diets agree

within 1%, but the small difference is magnified when calculating the
TME value of the fats which were included at a level of 15% in the
experimental diets.

If the dry matter content of the basal diet is

90% and the proportion of the basal in the experimental diet is 85%,
then the effect of the .03 kcal/g difference is estimated to be
(.03 x .9 x .85)/.15 = 153 kcal/g.

He also reported, as little as

two percent soybean oil increased the ME of tallow and also a small
addition of soybean oil has a greater response than large additions
of soybean oil.
Sibbald et al. (1962a) studied the synergistic relationship
between tallow and undegummed soybean oil (UDSBO) and determined the
following ME values:

Tallow, 7.55 kcal/g; degummed soybean oil

(DGSBO), 8.29 kcal/g; UDSBO 8.54 kcal/g; tallow and UDSBO (50/50)
7.66 kcal/g (theoretically, 8.04 kcal/g); tallow and DGSBO (50/50),
7.83 kcal/g (theoretically, 7.92 kcal/g).

No synergism was noted

when tallow and either SBO were combined in equal proportions by
weight.

As little as 3% of the SBO gums increased tallow's ME to

8.26 kcal/g as compared to 7.55 kcal/g of unsupplemented tallow.
Further studies on synergism between tallow (beef, feed, and prime)
and SBO were conducted by Sibbald et al. (1962) .

Diets consisted

of 80% basal and varying percent of tallow and SBO, with the level
of replacement being 20%.

The ME value of the tallows varied, however

this was not found true for the DGSBO, UDSBO, and acidulated soapstocks.
tallows.

The ME of soapstock was different from the ME of the three
Statistical analysis yielded significant difference between

actual and theoretical ME values of the mixed fats, which indicated
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synergism was occuring within blends.

The difference between the

theoretical and actual ME values for the fat mixtures containing
UDSBO was significantly greater than for the fat mixtures with soapstock or dried SBO gums.

The analysis of data showed no significant

trend in the degree of synergism within fat mixtures associated with
tallow.

It was noted as iodine value, titer, and linolenic acid

content of these tallows varied in a linear manner so did the ME
of tallows.

Sibbald et al. (1961) studied whether the ME values of

tallow and UDSBO, and 50/50 mixtures of the two, are additive,
influence of the basal diet protein level (24.4 and 34.0%), and
levels of inclusion of fats (10 and 20%) in the test diet.

The

nitrogen correction factor of 8.73 kcal/g as proposed by Titus (1961)
was used.

Tallow had a higher titer (40.8C) than soybean oil (21.7C).

Tallow also contained less unsaturated fatty acids than SBO.

Palmitic

acid and stearic acid accounted for approximately 44% of fatty acids
of tallow and 15% of the fatty acids in the SBO.
more oleic acid (41.5%) than SBO (27.5%).

Tallow also contained

In almost all cases the

metabolizable energies of fats was larger with the 34% protein basal.
Sibbald et al^. (1961b) indicated much of the differences in ME
values between protein levels were derived from the tallow; with SBO
or mixtures of SBO:tallow having little effect.

Metabolizable

energy of the 24% basal diet increased as the fat level increased,
but decreased as fat level increased with the 34% basal.

Metabo

lizable energy value of the UDSBO and 50/50 mixture were not uni
formly higher than tallow; they differed not only between basal diet
protein level, but also between fat levels.

The ME of tallow in

creased with increasing levels from 10 to 20%, but SBO and 50/50
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mixture decreased with increasing levels from 10 to 20%.

Sibbald

concluded fats ME are not additive, and the level of inclusion can
have an effect on ME of the fat.

Mixing tallow and SBO apparently

increased the ME of tallow since 90% of SBO energy was metabolizable.
Renner and Hill (1960) used two different methods, bomb calori
metry and absorbability to look at the metabolizable energy of corn
oil, tallow and lard.

They analyzed the diets and excreta for fats

and fatty acids to determine the usefulness of both methods and
whether fats affected the utilization of other dietary constituents.
Metabolizable energy of c o m oil did not change significantly from
two to eight weeks of age for chicks or hens.

When expressed as a

percentage of gross energy, the ME value of corn oil was 91 to 96% for
the chick and 90% for the hens.

Lard utilization as determined by

ME value ranged from 89 to 92% for chicks
age.

Hens had a 82% utilization of

from two to eight weeks of

gross energy. Chicks absorbed

lard to the extent of 90 to 95% and hens showed only 85% utilization.
Utilization of tallow increased with age in the range from two to
eight weeks (70% at two weeks to 82% at 8 weeks).

Results indicated

by either method the chick at eight

weeks of age is equal

to the

hen in efficiency of utilization of

these types of fats. Metabo

lizable energy values reported by Renner and Hill (1960) for these
fats were:

corn oil, 9.04 kcal/g; lard, 8.40 kcal/g; and tallow,

6.57 kcal/g.
Carver et al. (1955) used tallow (mp 47.7C), commercial grade
oleic acid (liquid at room temperature) and hydrogenated tallow
(mp 57.7C) to study broiler utilization of fats of different melting
points added to broiler feed.

The addition of fat in the diet had

little effect up to four weeks of age.

Feed conversion was improved

by all the fats except the 3% level of hydrogenated tallow, which had
no effect.

Diets with tallow had significantly improved feed con

version in comparison to those diets supplemented with either hydro
genated tallow or the free fatty acids derived from tallow.
absorption of tallow was high, (82 to 100%) .
was much less absorved (11 to 58%).

The

The hydroge.nated tallow

Even when tallow was mixed with

hydrogenated tallow the latter was still poorly absorbed.

The analy

sis of the extra fecal fat was nearly equal to the amount of hydro
genated tallow fed, which suggested that almost none of the material
had been utilized.

Oleic acid was well absorbed.

Approximately

90% of the fecal fat was presented as soap or free fatty acids
regardless of supplemental fat fed.

This lended support to the idea

that the inability of the chick to utilize hydrogenated fat is not
due to poor hydrolysis because 70% of the fecal fat has been con
verted to soap leaving 20% as free fatty acids.

The chick readily

hydrolyzes as much as 90% of the fats fed, and hence a lack of
digestion does not account for the poor absorption of hydrogenated
fats.
Swift and Black (1949) studied the relationship between fats
and carbohydrates.

As the level of fat in the diets increased from

2 to 30% body gains of fat and energy differed, and a decrease in
heat production was noted as fat increased in the diet.

The fat

content of the diet had little effect on nitrogen utilization and
caused slight decreases in ME values, but was responsible for large
decreases in heat production as the level of fat in the diet in
creased.

Decreasing the protein content of the diets from 22 to 7%
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did not change previous results and again indicated an improved
utilization of high fat diets as determined by the body balance
method.
Young and Renner (1977) compared the ketogenicity of a saturated
fat (coconut oil) and an undaturated fat (soybeal oil) when chicks were
fed high fat, carbohydrate free diets.

In the carbohydrate free

diet; the fats served as the sole source of energy.
also fed fats in the free fatty acid form.

Chicks were

Diets were formulated by

substituting the fats and fatty acids isoenergetically for glucose.
Young and Renner (1977) assumed the ME of glucose, coconut oil, coco
nut fatty acids, soybeal oil, and soybean fatty acids to be 3.64,
9.21, 7.83, 9.21, and 7.83 kcal/g, respectively.

The ME values of

9.1 and 8.4 kcal/kg were used for coconut oil and coconut fatty acids
in a second experiment.

These values were calculated using the

determined coconut oil and coconut fatty acid asorbability values of
99 and 92% respectively and assuming coconut oil to have a gross
energy of 9.2 kcal/g.

The fatty acid diets supplemented with glucose,

0.105 g of glucose/g fatty acid was fed, which is the amount of glucose
that would be required if 100% of it was converted to glycerol for
esterification of soybean fatty acids to triglycerides.

Chicks fed

soybean oil grew at the same rate as chicks fed glucose, however coco
nut oil fed birds grew slower than those birds receiving soybean oil.
The feeding of saturated fatty acids depressed growth and feed consump
tion, but to a lesser extent than did coconut oil.

The addition of

glucose (.105g/g fatty acid) alleviated growth depression in chicks
fed soybean oil, but only partially alleviated the growth depression
of chicks fed coconut fatty acids.

Increasing the level of glucose
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to 210g/g fatty acid had no effect on the depression caused by coco
nut oil fatty acids.

Previous studies have shown lauric and myristic

acid, when fed singly at 20% in the diet, depressed chick growth.
Substitution of soybean oil or coconut oil for glucose in a high
carbohydrate diet had no effect on level of blood glucose.

Feeding

of free fatty acids caused a reduction in level of blood glucose.
The addition of glucose to the fatty acid diets did not increase the
level of blood glucose significantly.

Substitution of soybean oil

or coconut oil caused significant and similar increases in level of
ketone bodies; coconut free fatty acids were significantly more ketogenic than soybean oil free fatty acids.

The degree of saturation of

dietary triglycerides does not effect their ketogenecity for chicks.
The finding that coconut fatty acids are more ketogenic than soybean
fatty acids when serving as the sole source of non-protein energy
might be interpreted as the consequence of more carbohydrate precur
sors being produced in the oxidation of polyunsaturated fatty acids
than in the oxidation of saturated fatty acids.

Polyunsaturated

fatty acids with an even number of carbon atoms were not glycogenic.
Young and Renner (1977) also suggest the high value for coconut
might be a result of carbohydrate sparing during the more rapid
oxidation of short chain fatty acids as evidenced by the much higher
ketone levels in the blood.
De Groote et al. (1971) determined whether significant differences
exist in the availability of ME of soybean oil, lard, tallow, and
grease in poultry rations.

In addition they studied the effect of a

high quantity of free fatty acids (25%) in brown grease on the metabolic
efficiency of energy utilization in comparison with fancy and prime
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tallow.

To determine the ME and net energy value of glucose, diets

were obtained by omitting 15, 30, and 45% of glucose from the basal
diets.

To determine the energy values of different fats, experimental

diets were composed by adding 20% of each fat to the basal diet, by
isocaloric substitution for glucose on a ME basis and recalculation
to 100%.

The following ME values, expressed in kcal/kg, were used:

glucose, 3309, lard, 8800; soybean oil, 9000; tallow, 6320 and grease,
6320.

The observed mean growth rates on the high and low fat puri

fied diets were as good as the practical rations.

Isocaloric sub

stitution of the two tallows and grease (24.4%) for glucose in the
diet had no significant influence on growth, voluntary feed intake
and feed conversion between the three fat diets.

Chicks on rations

obtained by isocaloric substitution of lard (29.9%) and DGSBO (30.5%)
for glucose showed significantly lower feed intake and growth compared
to the tallow and brown grease rations.
Soybean oil was utilized more efficiently than tallow or grease.
The ME of soybean oil and lard was significantly higher than tallow or
grease.

Calculated values for glucose, lard, soybean oil, tallow and

grease diets were respectively, 2.5, 12.5, 4.5% higher and 5% lower
than their determined values,

indicating that the assumed values for

glucose, lard and DGSBO were too high for tallows and too low for
greases.

The following ME values (kcal/kg) were obtained:

glucose,

3258; lard, 7055; DGSBO, 8536; fancy tallow, 7493; prime tallow, 7579
and brown grease, 7453.

Degummed soybean oil had a significantly

higher and lard a significantly lower ME value when compared to tallow
and grease, which were not significantly different in ME from one
another.

The ME value of glucose compared with 3593 kcal/kg (Potter
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and Matterson, I960), 3634 kcal/kg (Anderson et al., 1958), 3583
kcal/kg (De Groote, 1969) and 3432 kcal/kg (Sibbald and Slinger,
1962d) as quoted by De Groote et al. (1971).

The determined ME value

for the degummed and bleached soybean oil compares with 8290 kcal/kg
(Sibbald et al. 1962) and 8900, 9200 kcal/kg (Carew et al., 1964)
for degummed, and with the following ME values for undegummed soybean
oil 8650, 8220, 8940, 8020 kcal/kg (Sibbals et al., 1961), 8370, 8540
kcal/kg (Sibbald et al., 1962); 9170, 9200 kcal/kg (Lewis and Payne,
1966), 9260 kcal/kg (Young, 1961), 9070, 8740, 8930, 9020 kcal/kg
(Young and Artman, 1961) and 8450 kcal/kg (Sibbals and Slinger, 1962)
us quoted by De Groote et al., 1977.

Metabolizable energy values for

fancy and prime tallow were in agreement with reported values of
7320 kcal/kg (Artman, 1964), 7620 kcal/kg (Sibbald et al., 1962),
7920 kcal/kg (Cullen et al., 1962), 7018 kcal/kg (Matterson et al.,
1965), 7330 kcal/kg (Young, 1961), 7600 (Lewis and Payne, 1966),
and 7524 (Sibblas and Slinger, 1962) as quoted by De Groote et al.,
1971.

The obtained ME value of 7453 kcal/kg for brown grease was

in the range of other published ME values for brown grease and feed
grade tallows as quoted by De Groote et al., 1979:

7660 kcal/kg

(Lewis and Payne, 1966), 8440 kcal/kg (Cullen et al., 1962), 7550
kcal/kg and 8480 kcal/kg (Sibbald et al^., 1962) .

The reported ME

value for lard, 7055 kcal/kg, is considerably lower compared with
reported ME values of 8620-8400 kcal/kg (Renner and Hill, 1960),
9200 kcal/kg (Young, 1961), 8650 kcal/kg (Young and Artman, 1961),
8800 kcal/kg (Young and Renner, 1960) as quoted by De Groote et al.,
1971.
Renner and Hill et al. (1961b) determined the utilization of
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lauric, myristic, palmitic, stearic and oleic acid by bomb calori
metry and absorption.

Male chicks were fed diets substituted with

20% of fatty acids for an equal weight of glucose.

Palmitic and

stearic acid were virtually unutilized by the chick at four weeks
of age.

Oleic acid was well utilized (88%), whereas, lauric, myristic,

and palmitic were absorbed 65, 25, and 5%, respectively.

They pro

posed the reason for this low absorption of saturated fatty acid may
be due to the rate of feed passage in the chick (3 hr).

Lauric and

myristic acid were well utilized, although the growth rate was poor
when compared to chicks growth fed the palmitic acid diet or the low
fat reference diet.

Efficiency of weight gain indicated chicks fed

lauric, myristic, or palmitic acid utilized their diets similarly,
but in each case less than chicks on reference diet.

On the basis of

efficiency (ME calories/gram of gain), lauric acid was utilized
least and myristic acid was less utilized than palmitic or the
reference diets.

As the saturated fatty acid chain length increased
i
absorbability decreased for hens. A similar inverse relationship
existed in chicks, who ate subnormally, but sufficient for slow
growth.

Hens absorbed 4 to 11% more fatty acids than the chicks.

Inclusion of lauric or myristic acid in the chick diet significantly
reduced growth rate, with the reduction being most marked for lauric
acid.
Renner and Hill (1961a) compared the absorbability of the fatty
acids of tallow, lard and soybean oil, when fed in esterified form
as mixed triglycerides to their absorbability as free fatty acids.
Male chicks were fed diets containing seven parts fat (tallow 6.9,
kcal/kg; lard, 8.7 kcal/kg; and soybean oil 8.7 kcal/gram) which
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replaced glucose (3.64 kcal/g).

Palmitic and stearic acid were ab

sorbed 30 and 22% when fed in a mixture with 50 parts of unsaturated
fatty acids in tallow; lard with 62 parts unsaturated fatty acids were
absorbed 51 and 36% respectively; soybean oil with 76% unsaturated
fatty acids the absorbability of palmitic and stearic acid increased
to 84 and 78% respectively.

Data indicated that absorption of

saturated fats are dependent on the amount of unsaturated fatty acids
present.

Palmitic and stearic acids were absorbed greater when fed

in ester linkage as mixed triglycerides in the natural fats.

The

absorbability of palmitic and stearic acid in all cases was signifi
cantly improved when fed in the natural form than when fed in the
free fatty acid form.

The high utilization of palmitic acid in lard

triglycerides may be due to the fact that lard contains a prepon
derance of its saturated fatty acids (palmitic) in the two position
(Savary et al., 1957; Mattson and Lutton, 1959) which could account
for the 94% absorbability of palmitic acid in lard even though lard
contains 38% saturated fatty acids.

To test their hypothesis,

Renner and Hill (1961) fed lard as natural lard, partially rearranged
lard, or completely randomized lard and found the absorbability of
lard went from 93 to 85 to 80% respectively.

Because palmitic acid

only comprises 25% of lard, a decrease of 15% in utilization of
palmitic acid would only decrease overall fat absorbability by less
than four percent.
Sibbald and Kramer (1980) reported the true metabolizable
energy (TME) of tallow decreased with increasing level of tallow
input in a diet based on wheat, soybean meal, and portion of wheat
being replaced by either yellow corn, degummed corn, corn gum,
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extracted gum, crude corn oil, soapstock, or refined corn oil.
Corn substitution increased TME of tallow over the wheat diet at the
lowest level of tallow inclusion.

When corn products were substituted

in the wheat basal at levels similar to those in the corn basal, it
appeared that all fractions except soapstock had some ability to
enhance tallow utilization.

As the level of tallow inclusion in

creased the effect of the diet decreased, which suggested a dilution
of the factors stimulating utilization.

Analysis of fatty acid

content of tallow and whole diets gave no explaination of results.
Young and Garrett (1963) reported that oleic acid fed alone or
in a mixture of fatty acids, was 94.6 to 99% absorbed.

Palmitic

acid was found to average approximately 25% absorption regardless of
level fed, which was higher than the 0 to 10% absorption reported
by Renner and Hill (1961b).

Increasing the ratio of oleic to palmitic

resulted in a stepwise increase in absorbability of total fatty acid
mixture.

Increased absorbability was due to not only oleic acid,

but also to a significant improvement in the absorbability of palmitic
acid.

When sufficient oleic acid was present in the mixture, absorba

bility of palmitic acid increased to 80% or more.

The addition of

linoleic acid and oleic acid, did not improve the utilization of
palmitic acid any more than just oleic itself.

Large amounts of

linoleic acid also increased the absorbability of palmitic acid from
66% to 81%.

Only 14% of stearic acid was absorbed as compared to a

2 and 12% mixture of stearic and palmitic acid.
the absorption of both saturated fatty acids.

Oleic acid improved
However, the improved

absorption for palmitic acid was less in the presence of stearic
acid.

Increasing the amount of oleic acid in the palmitic and stearic
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acid mixture caused an increase in stearic acid absorption, but no
further increase in palmitic acid absorption above the initial
improvement.

The data indicated that not only is the amounts of

saturated and unsaturated fatty acids important in the diet, but
also the ratio of saturated fatty acids to each other.
Leeson and Summers (1976) studied the effect of fatty acid
saturation on absorbability and the effect of level of saturated or
unsaturated fatty.acids in the basal diet.

Energy sources used were;

tallow (50% unsaturated); lard (62% unsaturated); and soybean oil
(76% unsaturated).

They reported that as the level of unsaturated

fatty acids increased so did level of absorption.

Three basal diets

were used varying in percent of saturated:unsaturated fatty acids
(14.3/85.7; 45.8/54.2; 27.8/71.9) to measure the ME of corn oil.
The ME of corn oil was higher in the diet with the largest percent of
saturated fatty acids.

This observation supports the theory that

absorption of saturated fats are enhanced by unsaturated fats.
The TME, gross energy (GE), moisture, protein, ether extract,
crude fiber, ash, nitrogen free extract and carbohydrate values of
42 feed mixtures were calculated from the observed values of their
component parts by Sibbald et al. (1980).

They repeated the difference

between the observed and predicted analytical values may be due to
changes in moisture content, analytical variation, and errors in
mixing rather than being due to a lack of additivity of one or more
analytical variables.
Mateos and Sell (1980) determined the influence of dietary
corn starch and sucrose on the utilization of energy from laying hens
diet supplemented with yellow grease or yellow grease plus soybean
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oil.

Twelve diets were used which consisted of two different yellow

greases to soy oil ratios (6:0% and 4:2% of the diet) and six corn
starch to sucrose ratios (from 49:0% to 0:49%).
protein.

All diets were 16.7%

The nitrogen correction value for yellow grease was 7900

kcal/kg; the metabolizable energies listed by National Research
Council-77 (NRC-77) were used for all other ingredients.

Peed con

sumption was recorded and excreta were collected every 60 hr on a
quantitative basis from each hen.

Metabolizable energy of the rations

increased with concentration of sucrose and with the inclusion of
soybean oil.

Changes in ME values were greater for the determined

values than the calculated values for sucrose.

The same was found

when yellow grease was partially replaced by soubeal oil.

Regression

analyses indicated that the ME of the diet, was changed more by suc
rose increments than was predicted on the basis of reference ME value
of the ingredients of the diets.

A similar trend was observed when

the supplemental fat, yellow grease was partially replaced by soy
oil.

Two percent replacement of yellow grease with soy oil improved

the diets ME by 18 kcal/kg more than expected (5.7% higher ME value
for yellow grease than normally expected).

Regardless of fat source,

sucrose was utilized more efficiently based on NRC-77 values.

A

ME value of 3.91 kcal/kg was determined for sucrose compared to a
3.68 kcal/kg.

The explaination of their results was based on the

fact that simple sugars have a faster rate of passage than does
starch.

So digestion of simple sugars would be less than starch.

Metabolizable energy of the ration might be less with sucrose than
starch, however substitution of sucrose for starch in diets containing
supplemental fat did not decrease ME.

Mateos and Sell (1980) concluded
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that the "extra caloric" effect of fat is made of two controls.

One,

the effect of saturated and unsaturated fatty acids and two, the
slowing effect fat has on simple sugars.

Mateos and Sell (1980) also

reported, fats had a slowing effect on the pyloric pump and fat de
creased the affinity of sugar for water thereby slowing the passage
of sugar through the gut.
Analysis of a study conducted by Sibbald et al. (1960)
yielded a significant effect due to diet, period, and method of
calculation of ME on the ME of poultry diets.

It was noted that

differences in ME resulted from changes in ME of the basal diet as
the bird aged.

Chicks were incapable of maximum growth when the diet

contained 40% cellulose.

Alphacel (20 or 40%) had a marginal effect

on growth and did not effect ME intake.

Wheat ME values did not

differ due to the basal diet used; however corn ME was higher with
a corn glutin meal, than either soybean meal or meat meal basal.
Therefore, ME of a feed may change according to the nature of the
other ingredients with which it is combined with.
differences were observed.

No age by diet

Variation of ME values of test ingredient

decreased as the proportion of test material in the diet increased.
Sibbald and Slinger (1963b) reported White Leghorn chicks
derived more ME from each unit of feed than did White Rocks.

A

significant interaction between breed and energy density was reported
with White Rocks requiring a higher density diet than White Leghorns.
Feed consumption was found to vary with breed but was not greatly
influenced by energy level.

Metabolizable energy data was the same

for classical as well as nitrogen corrected ME values.

Birds fed

high energy diets consumed more ME than did those on low energy diets.
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White Rocks ate more than White Leghorns, and males ate more than
females.
Guirguis (1976) fed two diets (fat deficient and fat fortified
diet) to chicks with either fish meal, tallow, or sunflower oil.
Inclusion of either fish meal in a fat deficient diet or tallow and
sunflower oil in a fish meal free diet resulted in ME values and fat
absorption values that did not differ significantly between sexes.
The inclusion of fish meal in a tallow diet produced ME values and
fat absorption that differed significantly with sex and level of
fish meal in the diet.

The ME of fish meal was higher when tested with

fat deficient diets than with the high fat diet.

Metabolizable energy

of fish meal and tallow seemed to be depressed when fed together.
The ME for males fed fish meal and tallow were more depressed than
for females.
Whitson et al. (1943) studied the effect of dietary fat at
various levels of inclusion.

Diets used were low (2.7 to 2.9%),

medium (8.6 to 9.0%), and high fat (20.2 to 20.7%).
high fat diets contained 6 and 17.75% soybeal oil.

The medium and
Age had a greater

effect on the absorption of fat when fed in low or medium fat diets.
Results indicated that chicks receiving a low fat diet utilized a
significantly smaller percentage of the fat than chicks receiving
medium or higher fat diets.

The percent of fat excreted increased

as fat level in the diet increased.
Mellen et al. (1954), studying the energy requirements of
chickens, reported chicks on low-energy diets always consumed much
more feed, but less energy, in a given period than those on a high
energy diet.
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Halloran and Sibbald (1979) compared the available energy values
of commercial fat preparations measured by several different bioassay
procedures.

Six experiments were conducted to obtain available

energy values for eleven fats.

The fats had different available

energy values, but no differences between bioassay method or in the
fat by method interaction was found.

They also reported that as the

age of the bird increased so did the ME.
effect on ME measured.

Sex had no significant

The TME means of the fats were nonsignificant,

however the fat by level interaction was significant at the 5% level
of fat inclusion.

The crude fiber ratio technique was found to be

useful in measuring ME with chicks and poults.

The standard error

of the mean for both procedures were of similar magnitude; perhaps
an indication that the same procedural errors were associated with
each method.

The TME values were larger than ME values.

They felt

this difference may be due to the fact that TME values were measured
with a uniform population of adult SCWL roosters fed a standard diet
supplemented with 15% fat; whereas the ME values were measured with
poults and chicks of various ages and sex using several basal diets.
The data also suggested species difference since TME and ME for poults
ranged between .23 to 2.10 kcal/g with a mean of 1.41 kcal/g.

The

TME and ME with chicks ranged between .43 to 1.26 kcal/g with a mean
of .97 kcal/g.

Both ME and TME increased with iodine value.

A

similar relation was also noted with the amount of linoleic acid in
the fats.

However, it was pointed out that this could be misleading,

because the point of attachment of fatty acids can also have an
affect on ME.

EXPERIMENTAL PROCEDURES

Cobb chicks were reared in Petersime battery brooders and fed a
standard broiler starter ration for 14 days.

Feed and water were

supplied ad libitum. At this time, broilers were assigned to battery
pens of 10 birds/pen.

The experimental diets were randomly assigned

to pens at the beginning of the third week, and fed for 14 days.

The

composition of the standard broiler starter ration fed the first 14
days is presented in table 3.

The composition of the semi-purified

basal diet used in all trials is presented in table 4.

Chromic

oxide was used in all diets as a biological marker to measure feed
intake in relation to fecal output.
All diets were sampled after mixing and placed in sample jars
for gross energy, nitrogen, and chromium determinations.

Fecal

samples were collected on day 9, 11, and 13 after chicks had been
placed on experimental diets.

Fecal samples for each pen were placed

in a force draft oven after collection and dried for 24 hr at 105C,
except for trial 1 where each day's samples were sub-divided into two
groups and dried at either 105C or 70C.

Samples from each pen were

dried, cleaned of feathers and scales and pooled.

Samples were then

ground to achieve a uniform consistency in order to reduce the sampling
variation for chemical analysis.

The dried and ground fecal samples

were placed in sample jars and held at room temperature for gross
energy, nitrogen, and chromium determinations.
28
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Table 3.

The composition of the standard broiler starter ration.

Ingredient

Percent of ration

Corn

55.0

Soybean meal 44

34.0

Dicalcium phosphate

3.0

Oyster shell flour

.25

Mineral premix'1' .

.50

Mineral premix^

.50
6.75

Tallow

^"Supplies per kg of diet: zinc 44 mg., copper 13 mg., manga
nese 62 mg., sodium 970 mg. and chloride 1520 mg.
2

Supplies per kg. of diet: vitamin A 8800 I.U., vitamin D 2200
I.C.U., vitamin E 5.5 I.U., vitamin K 2.2 mg., niacin 22 mg., ribo
flavin 4.4 mg., calcium pantothenate 18 mg., vitamin B12 *0132 mg.,
folacin 0.22 mg., biotin 0.66 mg., choline chloride 2200 mg., DLmethionine 1300 mg. and oxytetracycline hydrochloride 11 mg.
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Table 4.

The composition of the semi-purified basal diet for chicks.

Percent of diet

Ingredient

Glucose

200

Cornstarch

200

Isolated soy-protein

300

Cellulose

120

Mineral mix'1'

60

Vitamin mix2

10

Chromic oxide bread2

10
100

Reference (or test) oil

^"Supplies the following per kg of diet:

CaC03 15 g, Ca3 (PC>4 )2

14 g, K2HP04 9 g, MgSC>4 .7H20 5 g, KI .05 g, NaM04>2H20 .01 g,
MnSO .H 0 .40 g, ZnCO
4

6

J

.20 g, CuSO .5H 0 .016g, NaSeO
fx

^

J

.0002 g, NaCl

5.00g, Na2HP04 7.20 g, Fe citrate .5,0g, and sand 3.6238g.
2
Supplies the following per kg of diet: vitamin A acetate
4550 IU, cholecalciferol 900 ICU, dl-^-tocopheryl acetate 10IU,
menadione dimethylpyrimidinol bisulfite 1.76 mg, d-biotin 24000 mg,
vitamin B^2 *0038 mg, d-calcium pantothenate 11 mg, folic acid .90 mg,
niacin 70 mg, pyridoxine-HCl 3 mg, riboflavin 3.6 mg, thiamine.HC1
2 mg, 70% choline chloride 2000 mg, 99% DL-methionine 6000 mg and
sucrose 1861.17 mg.
3
A mixture of 70% wheat flour and 30%
cribed in appendix.

prepared as des
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Gross energy was determined using a Parr Bomb Calorimeter.

The

procedure used was that set .forth by Technical Manual No. 130, "Oxygen
Bomb Calorimetry and Combustion Methods," published by the Parr
Instrument Company of Moline, Illinois.

Nitrogen was determined by

use of macro-Kjeldahl method set-forth in Association of Official
Analytical Chemists (1965).

The chromium content of feed and fecal

samples were determined by methodology from Technicon Industrial
Systems, 1972.
The ME per gram of each ingredient was calculated from the
analytical data, using the equation of Hill et al. (1960),
ME per gram diet = Energy per gram diet - energy in excreta per
gram diet - 8.22 X grams nitrogen retained
per gram diet.
Values for substitution in this equation were derived as follows:
Excreta energy per gram diet = Energy per gram excreta X
Cr203 in diet
Cr203 in excreta
Computation of metabolizable energy values of material substituted
for soybeal oil were derived as follows:
ME per gram substitute =
,
_ M E per gram
ME per gram diet
NRC-77 value of
3 .. . 3
- reference diet
with substitution
reference oil
----------------Proportion of Substitute
Metabolizable energy of reference diet was calculated from experimental
data as above.

Proportion of substitute equals decimal equivalent

representing percent substitution in diet.

NRC-77 value of reference

oil equals ME value of reference oil reported in NRC-77.

.-----
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Trial 1
Cobb strain boilers were placed in a finisher battery at two
weeks of age through four weeks of age.
given in Table 5.

Composition of the diets are

Reference diet contained no added fat and was

used to calculate the ME of diets 1 through 6.
used were soybean oil and tallow.
in the diet at 5, 10, or 15%.

The energy sources

Soybean oil and tallow were included

Two drying temperatures (70C and 105C)

were studied to determine the effect of drying temperature on ME
determination.
A split-plot arrangement of treatments in a completely randomized
design was used.

Pat or oil source (SBO vs. tallow) and level of

fat or oil inclusion (5, 10, or 15%) was factorially arranged on the
main plot with drying temperature (70C vs. 105C) comprising the split.
The data of Trial 1 was further analysised, omitting the 10% level
of glucose and SBO, to determine whether glucose or SBO should be
used as a reference source to determine the ME of a fat or oil.
The diets were fed ad libitum throughout the experimetnal
period.

Records were kept on feed consumption and birds were weighed

at the beginning and end of the experimental period.

Trial 2
Cobb color-sexed broilers were placed in a finisher battery at
two weeks of age through four weeks of age.
separately.

Sexes were reared

The composition of the diets fed is given in Table 6.

The sources used were tallow and blends of soybean:tallow (8:2, 6:4,
4:6, 2:8).

Soybean oil was used as the reference oil.

The experimental

design was a factorial arrangement of treatments in a completely
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Table 5.

The composition of the experimental diets for trial 1.

DIET
Ingredient

Reference

1

2

3

4

5

6

Glucose

30

25

25

20

20

15

15

Basal1

70

70

70

70

70

70

70

Soybean oil

—

10

—

15

Tallow

—

—

100

100

Totals

5
5
100

10
100

100

15
100

100

1Includes all basal ingredients in table 4, except glucose.

Table 6.

The composition of the: experimental diets for trial 2.

Percent basal

Diet

Soybean oil:tallow

Reference

90

10:0

1

90

8:2

2

90

6:4

3

90

4:6

4

90

2:8

5

90

0:10
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randomized design.
energy sources.

The factorial consisted of two sexes and five

There were 20 pens of 10 birds per pen resulting in

2 pens per treatment combination.
throughout the experimental period.
sumption.

The diets were fed ad libitum
Records were kept on feed con

Birds were weighed on day one and the twenty-eighth day.

Trial 3
Trial 3 was conducted in the same manner as Trial 2.

The

composition of diets used in Trial 3 are presented in Table 7.
reference diet was used to calculate the ME of diets 1 and 2.
energy sources used were fish oil and poultry fat.

The
The

The experimental

design was a factorial arrangement of treatments in a completely
randomized design.

The factorial was 2 X 2

sexes and two energy sources.

arrangement with two

There were 24 pens of 10 birds per

pen resulting in 6 pens per treatment combination.

Trial 4
Trial 4 was conducted in the same manner as Trials 2 and 3.
The composition of the diets fed is given in Table 8.

The reference

diet was used to calculate the ME fo diets 1 through 3.
sources used were coconut oil, olive oil, and lard.

The energy

The experimental

design was a factorial arrangement of treatments in a completely
randomized design.

The factorial was 2 X 3

sexes and three energy sources.

arrangement with two

There were 18 pens of 10 birds per

pen resulting in 3 pens per treatment combination.
The statistical analyses of all trials were by analysis of
variance with differences between levels within treatments determined
by t-test using the procedures described in Steel and Torrie (1960).
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Table 7.

The composition of the experimental diets for trial 3.

Diet

Soybean oil

Basal

Reference

90

10

1

90

—

2

90

— —

Table 8.

Fish oil

Poultry fat

-

10

10

The composition of the experimental diets for trial 4.

DIET
Percent
ingredient

Reference

1

2

3

90

90

Basal

90

90

Soybean oil

10

—

—

Coconut oil

—

10

—

Olive oil

—

Lard

__

10

—

__

10

RESULTS

Trial 1
Analysis of variance for ME of SBO and tallow at 5, 10, and
15% replacement of the glucose based reference diet is presented in
Table 9.

Level of energy source inclusion was observed to have a

significant effect (P<.05) on the determined ME values (Table 9).
The 10% level of replacement had the highest ME value compared to the
5 and 15% levels, which were significantly lower (Table 10).

The 5%

level of replacement was not different from the ME value measured at
the 15% level of inclusion.

The ME value for SBO (9.68 kcal/g) was

significantly greater than that for tallow (7.81 kcal/g) as shown in
Table 10.

The interactions temperature * level and temperature * source

interactions were also noted to be significantly different (Table 9).
The ME means for the temperature * level effect ate presented in Table
11.

The ME value determined for the 5% level of inclusion, at 70 C

was higher (P<.05) than that measured at 105 C.

The ME measured

for the 10 or 15% levels of replacement at either 70C or 105C were not
different (P>.05).
Means for the drying temperature * source interaction are given
in Table 12.

Mean ME values for tallow measured at 105 C and at

70C were not different.

The SBO ME value at 105C was .48 kcal/g less

than measured at 70 C.

The mean difference (Table 13) between NRC-77

and measured ME values for SBO and tallow were/significant, which
36
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Table 9.

Analysis of variance for metabolizable energy of soybean
oil and tallow fed at 5, 10, and 15 percent replacement
of the glucose based reference diet (Trial 1).

Degrees
of
freedom

Mean squares

Level (L)

2

2.5894*

Source (S)

1

31.2906**

L X S

2

0.5271

12

0.3828

Temperature (T)

1

0.2391

T X L

2

0.8731*

T X S

1

0.9192*

T X L X S

2

0.1052

12

.1577

Source of variation

Residual

Residual

*P<.05
**P<.01
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Table 10.

The effect of level of inclusion and source on metaboli.zable energy values (kcal/g).1

Source

Level of dietary inclusion (%)
5
10
15

Soybean oil

9.85 ± .21

Tallow

7.15 ± .35
u
8.68 ± .40

Mean

10.09 ± .10

9.10 ± .10

8.39 ± .26
9.24 ± .28

Mean

9.68 ± .13a

7.54 ± .22
7.81 ± .18b
vi
8.32 ± .26

^Data from trial 1. Each value is the mean of 3 determinations
with their appropriate SE.
ab
.
. . .
M6ans with a common superscript within a column or row are
not statistically different (P>.05) based on t-test.

Table 11.

Drying
temperature
(°C)

The effect of level and drying temperature on metabolizable
energy values (kcal/g).1

Level of dietary inclusion (%)
5
10
15

Mean

70

9.05 ± .55a

9.08 ± .50a

8.35 ± .43b

8.83 ± .28

105

8.30 ± .59b

9.40 ± .3la

8.29 ± .33b

8.66 ± .26

"^Data from trial 1. Each level and drying temperature value is
the mean of 6 values with their appropriate SE.
Means with a common superscript within level of inclusion
are not statistically different (P>.05).
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Table 12.

The effect of drying temperature on metabolizable energy
values (kcal/g) .-*•

Drying
temperature
(C)

Source
Soybean oil

Tallow

70

9.92 ± .12a

7.73 ± .13a

105

9.44 ± .16b

7.89 ± .35b

■^Data from trial 1. Each source and drying temperature value
is the mean of 9 values with their appropriate SE.
^Means with a common superscript within source are not statistically different (P>.05) .

Table 13.

The mean difference between National Research Council-77
(NRC-77) values and measured metabolizable energy (ME)
values (kcal/g).a

NRC-77
value

Measured
MEa

Mean
differences

Soybean oil

8.82

9.68

0.86 ± .13

Tallow

7.06

7.81

0.75 ± .18**

Source

a Each measured ME is the mean of 18 values with their
appropriate SE.
**

P<.01.

**
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indicates the measured ME value for both sources were greater (P<.01)
than their respective NRC-77 values,

Table 14 shows the mean differ

ence between gross energy and measured ME for SBO and tallow.

The

measured ME for Soybean oil was greater than its measured gross energy.
The gross energy value of tallow was significantly higher than its
measured ME value.
Analysis of variance and mean values for ME values based on
glucose or soybean oil are presented in Tables 15 and 16 respectively.
The ME values for SBO and those for tallow when based on glucose or
SBO as a reference source were not different for each respective
source.

Soybean oil was significantly greater in ME than tallow

regardless of reference source (Table 16).

Trial 2
The analysis of variance for ME values of tallow and blends of
soybean oil and tallow, (SBO:Tallow), presented in Table 17, revealed
highly significant differences due to energy source (P<.01).

The

mean ME values for 8:2 and 6:4 (SB0:Tallow) blends did not differ
(P>.05) from each other, but were both significantly higher than the
4:6 and 2:8 (SB0:Tallow) blends (Table 18).

The measured ME value of

the diet which contained only tallow as the only source of added fat
was significantly (P<.05) lower than all blends (Table 18).

Male and

female response to blends of SBO:tallow were similar (Table 19).
Analysis of the difference between ME values based on soybean
oil and the sources appropriate NRC-77 values presented in Table 20,
revealed no significant differences between the measured ME and
NRC-77 tabular values for the sources.

Analysis of the difference
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Table 14.

The mean difference between gross energy and measured
metabolizable energy (ME) values (kcal/g),a

Gross
energy

Measured
MEa

Soybean oil

9.48

9.68

0.2 ± .18

Tallow

9.18

7.81

1.37 ± .18

Source

Mean
differences

**

**
P<.01.

•

aEach measured ME is the mean of 18 values with their appropriate SE.
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Table 15.

Analysis of variance for metabolizable energy of soybean
oil and tallow fed at 5 and 15 percent replacement of the
basal diet based on glucose or soybean oil as the reference
source (trial 1) .a

Source of variation

Degrees of freedom

Mean squares

Level (L)

1

.225

Diet (D)

1

45.688**

1

1.836

8

0.510

Temperature (T)

1

0.0027

T X L

1

0.4286

T X D

1

0.6215*

T X L X D

1

0.1162

L X D
Residual

0.0872

Residual
1

2.3021

R X L

1

0.7430

R X D

1

0.00000008

R X T

1

0.52417

R X L X D

1

0.00000008

R X L X T

1

0.0720

R X D X T

1

0.00000075

R X D X T X L

1

0.00000075

Reference (R)

16

Residual

.7368

*

P<.01.
**

P<.05.
aAnalysis was run without the 10 percent level of replacement.
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Table 16.

The effect of reference diet on measurement of
metabolizable energy values (kcal/g) .*■

Source
Reference

Soybean oil

Tallow

Mean

Glucose

9.26 ± .17a

7.30 ± .26b

8.28 ± .25'

8.82 ± .05a

6.87 ± .23b

7.84 ± .23'

9.04 ± .09 3

7.08 ± .18b

Soybean oil

'

Mean

1

.

.

.

Data from trial 1 with their appropriate SE.

Means with a common superscript within a column or row are
not statistically different (P>.05) based on t-test.

Table 17.

Analysis of variance of metabolizable energy of fat, oils,
and various fat-oil blends based on soybean oil (trial 2).

Source of variation

Degrees of freedom

Mean squares
**

Source (S)

4

2.44

Sex

1

0.629

S * Sex

4

0.214

10

Error

P<.01.

0.1705
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Table 18.

The effect of source on metabolizable energy (ME) values
(kcal/g).

Source
(soybean oil:tallow)

10:0

Measured ME1

"

8:2

8.90 ± .2ia

6:4

8.88 ± .24a

4:6

7.90 ± .04b

2:8

7.79 ± .25b

0:10

7.07 ± .29°

Data from trial 2. Each value within a column is the mean of
4 values with their appropriate SE. Calculations based on soybean
oil, using 8.82 kcal/g.
abc
.
. . .
Means with a common superscript within a column are not
statistically different (P>.05) based of t-test.

Table 19.

Sex

The effect of sex on metabolizable energy values (kcal/g)

8:2

Source (soybean oil:tallow)
6:4
4:6
2:8

Tallow

Mean

Male

9.08 ± .06

8.56 ± .26

7.79 ± .14

7.58 ± .52

6.64 ± .40

7.93 ± .27a

Female

8.72 ± .45

9.20 ± .29

8.01 ± .06

8.00 ± .11

7.50 ± .01

8.29 ± .18a

^Data from tried 2 with their appropriate SE.
aMeans with a common superscript within a column are not statistically different
(P>.05) based on>t-test.
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Table 20.

The difference between National Research Council-77
(NRC-77) values and measured metabolizable energy (ME)
values (kcal/g).a

Source
(soybean oil:tallow)

NRC-77
valueb

Measured
MEC

Mean
difference^

8.46

8.90

.43

6:4

8.11

8.88

.77

6:6

7.76

7.90

.14

2:8

7.41

7.79

.38

Tallow

7.06

7.07

.01

8:2

-

Data from trial 2.
NRC-77 value = (8.82 kcal/g X % soybean oil in the blend) +
(7.06 kcal/g X % tallow in the blend).
c
*
ME values are based on soybean oil as the reference (8.82
kcal/g).
^Difference = NRC-77 value - measured ME values.
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between gross energy and measured ME values of the sources,
presented in Table 21, indicated that the values for 8:2 and 6:4
blends were not statistically different (P>.05) when the blends
gross energy values were compared to their ME values.

All other

sources (4:6, 2:8, and tallow) were statistically lower than their
respective gross energy values.

Trial 3
Analysis of variance for ME values of poultry fat and fish oil
are presented in Table 22.

No significant differences were observed

for source of energy, sex or the sex source interaction.
means for Trial 3 are shown in Table 23.

The ME

The poultry fat ME value

was observed to be non-significantly different from its NRC-77 value.
However, the measured ME of fish oil was significantly (P<.01) lower
(.83 kcal/g) than its NRC-77 value (Table 24).

Mean differences

between poultry fat and fish oil ME values and their measured gross
energy values are presented in Table 25.

The measured ME value for

poultry fat and fish oil were noted to be significantly lower than
their measured gross energy values.

Trial 4
The analysis of variance for ME values, presented in Table 26,
shows highly significant differences (P<.01) due to source of fat or
oil and significant difference (P<.05) due to sex.
source and sex are shown in Table 27.

The ME means for

The ME value of coconut oil

was statistically higher (P<.05) than the lard and olive oil ME value,
with the latter also statistically lower (P<.05) than lard.

The

mean value for males was .380 kcal/g less than the mean ME value
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Table 21.

The difference between gross energy and measured metabo
lizable energy (ME) values (kcal/g) ,a-

Gross energy
value*3

Source

Measured
ME values0

Mean
difference*3

8:2

9.44

8.90

6:4

9.43

8.88

4:6

9.41

7.90

1.51

2:8

9.42

7.79

1.62

Tallow

9.46

7.07

2.39

.54
•

<3*
in
**
**
**

*★
P<.05.

a
Data from trial 2.

Determined by bomb calorimetry.
CME values are based on soybean oil as the reference (8.82
(kcal/g).
^Difference = gross energy - measured ME.

49

Table 22.

Analysis of variance for metabolizable energy of fish oil
and poultry fat (trial 3).

Source of variation

Degrees of freedom

Mean squares

1

0.1368

• 1

0.0098

S X Sex

1

0.0278

Residual

8

.4202

Source (S)
Sex

Table 23.

The effect of sex and source on metabolizable energy values
(kcal/g).a

Source
Sex

Fish oil

Poultry fat

Mean

Male

7.43 ± .11

7.55 ± .05

7.49 ± .32

Female

7.28 ± .15

7.59 ± .72

7.43 ± .10

Mean

7.35 ± .09

7.57 ± .32

aData from trial 3.

Table 24

The difference between metabolizable energy (ME) and Nations
Research Council-77 (NRC-77) values (kcal/g) • a

Measured
ME value3

Source

NRC-77
value

Mean
^
difference
**

Fish oil

7.35

8.18

0.83

Poultry fat

7.57

8.20

0.63

**P<.01.
aData from trial 3.
their appropriate SE.

Each ME value is the mean of 6 values with

^Difference - NRC-77 - measured ME.
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Table 25.

The difference between metabolizable energy (ME) and gross
energy values (kcal/g).

Measured
ME value3

Gross
energy

Fish oil

7.35

9.25

1.90

Poultry fat

7.57

9.86

2.29

Source

Mean
difference
icie
**

**P<.01.
aData from trial 3.
their appropriate SE.

Table 26.

Each ME value is the mean of 6 values with

Analysis of variance for metabolizable energy of coconut
oil, olive oil, and lard (trial 4).

Source of variation

Degrees of freedom

Mean squares

Source (S)

2

5.5605**

Sex

1

0.6422*

S X Sex

2

0.4572

12

.1294

Residual

*P>.01
**P<.05.
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Table 27.

The effect of source and sex on metabolizable energy
values (kcal/g).

Sex

Olive oil

_
b
Source
Coconut oil

Male

6.08 ± .03

8.55 ± .08

7.12 ± .40

7.25 ± .37a

Female

6.98 ± .03

8.35 ± .27

7.55 ± .12

7.63 ± .21b

Mean

6.53 ± .20°

8.45 ± .13a

7.33 ± .21b

Lard

Mean

■^Data from trial 4. Each sex * source value is the mean of
3 determinations with their appropriate SE.
ci b
' Means with a common superscript within a column or within
row are not statistically different (P>.05) based on t-test.

noted for females.

The mean differences between measured ME values

and NRC-77 values used in Trial 4 are presented in Table 28.

Olive

oil and lard were determined to have significantly lower ME values
than their respective NRC-77 value.

The mean difference between

measured gross energy and measured ME values are presented in Table
29.

The ME values of all sources were measured to be lower (P<.01)

than their measured gross energy.

The largest difference noted was

that difference between ME value for olive oil and its gross energy
value.
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Table 28.

The difference between measured metabolizable energy (ME)
and National Research Council-77 (NRC-77) values (kcal/g).a

Measured
ME value

NRC-77
value

Coconut oil

8.45

8.60

0.15

Olive oil

6.53

8.95

2.42

Lard

7.33

8.60

1.27

Source

Mean
^
difference

**
**

**
P<.01.
g
Data from trial 4. Each measured ME value is the mean of 6
values with their appropriate SE.
k
Difference = NRC-77 - measured ME value.

Table 29.

The difference between measured metabolizable energy (ME)
and gross energy (kcal/g).

Mean
^
difference

Measured
ME value

Gross
energy

Coconut oil

8.45

8.99

0.54

Olive oil

6.53

9.38

2.85

Lard

7.33

9.46

2.13

Source

**
**
**

P<.01.
a Data from trial 4. Each measured ME value is the mean of
6 values with their appropriate SE.
Jj
Difference = gross energy - measured ME.

DISCUSSION

Cullen et al. (1962) questioned the use of semi-practical or
semi-purified diet to measure the metabolizable energy (ME)values
of several fats.

They reported ME values measured by a semi

purified diet were in closer agreement with reported values than
ME values measured based1on a semi-practical diet.
in these studies agree with his results.

The findings

A point in fact is that

Cullen's value measured with a semi-practical for tallow (7.91
kcal/g) compares favorablely to the value of tallow (7.81 kcal/g)
based on the semi-purified reference diet used in these trials
(Table 30).
The ME values measured based on glucose or soybean oil were
not significantly different.

The ME values measured in this study

at levels of 5 to 15% did not differ in a constant manner.

Whitson

et al. (1943) reported levels of fat in the diet from 2 to 20%
resulted in a linear increase in utilization of ME.

The response

added fat in these reports was linear from 5 to 10%, but above 10%
the response to added fat decreased.
Sibbald (1980) reported increasing the level of tallow from
10 to 20% increased ME values, and in the case of soybean oil the
reverse was reported.

The results from Trial 1 indicated ME

decreased as level of inclusion was increased from 10 to 15%.

This

decrease in ME may be due to increasing levels of fat causing a
54
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Table 30.

Energy
source

The summary of metabolizable energy (ME) values measured
in trials 1 through trial 4 (kcal/g).

Trial

Measured
ME value

NRC-77
value2

Gross
energy
value'*

Reference
source

9.48

Soybean oil

Soybean oil

1

9.68

8.82

Tallow

1

7.81b

7.06

Soybean oil

1

9.26a

8.82

9.48

1

__s
8 •82

8.82

9.48

1

7.30b

7.06

9.18

1

6.87b

7.06

9.18

Tallow

2

7.07°

7.06

9.46

Soybeal oil

8:2

2

0.90a

8.46

9.44

Soybean oil

6:4

2

8.88a

8.11

9.43

Soybean oil

4:6

2

7.90b

7.76

9.41

2:8

2

7.79b

7.41

9.42

Fish oil

3

7.35a

8.18

9.25

Poultry fat

3

7.59a

8.70

9.86

Coconut oil

4

8.45a

8.60

8.99

Lard

4

___ b
7.33

8.60

Olive oil

4

6.53°

8.95

**

**
9.18

'

Soybean oil

**
_

Glucose
**
Soybean oil
**

Tallow

Glucose
**
Soybean oil
**

**
•kit

Soybean oil
**

**

Soybean oil
**
Soybean oil
**
Soybean oil
**
Soybean oil
**

**

Soybean oil

9.46
**

**
9.38

Soybean oil

"'"Means with different superscript denotes significant difference
only within a trial
2* *

Denotes measured ME values were found to differ significant
ly from their National Research Council-77 (NRC-77) value.
3**

Denotes measured ME values were lower them their measured
gross energy value.
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decrease in the synergism of fats and components of the diet causing
the synergism.
The mean ME values measured at either 70C or 105C were not
statistically different from each other.

Sibbald (1979), showed

drying temperatures of 65, 80, or 95C had no effect on ME.

It would

seem logical to conclude drying temperatures within the ranges studied
do not effect ME determinations.

Shannon and Brown (1969) reported

that energy losses increases when drying samples from 60 to 120C.
Manowkas et al. (1964) reported temperatures as low as 60C caused
significant energy losses.
studies.

This was found to be the case in these

The ME for SBO was higher at 70C than 105C and the ME for

the 5% level of inclusion was higher at 70C than at 105C.

These

findings agree with reports of Shannon and Brown (1969) and Manaukas
et al. (1964) that drying temperatures above 60C result in signifi
cant energy losses.

The ME of tallow was not different at either

drying temperature.

The interaction of temperature * level being

significant may be explained by reports of Sibbald et al. (1963a) .
Sibbald et al. (1963a) observed that at low levels of inclusion
any errors made would be magnified by formula calculations.

The

varying response of energy source * drying temperature and level of
inclusion * drying temperature warrent further studies in these areas.
The ME values in Trial 1 for soybean oil based on glucose or
soybean oil were not different, nor were the ME values for tallow
based on glucose or soybean oil (Table 22).

The measured ME values

in Trial 1 were observed to be equal for soybean oil and less for
tallow than their gross energy values.
Both SBO and tallow measured ME values in Trial 1 exceeded
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their NRC-77 values.

The determined ME values in Trial 2, when com

pared to their gross energy values, were lower.

Also, comparison

of ME values in Trial 2 were equal to their respective NRC-77 values.
These observations are interesting relative to the theory of synergism
reported by Mateor and Sell (1980).

He proposed that the "extra

caloric value" of a fat is the combination of a saturated and un
saturated fats interacting in addition to the effect these fats have
on carbohydrate absorption.

Although no ME values were measured

greater than gross energy using glucose as a reference, neither were
any additional fat in the reference diet, which might have contri
buted by way of synergism between saturated and unsaturated fats.
The synergism which may be occurring in Trial 2 between the fat and
carbohydrate source in the reference diet may have been the reason
for all soybean oil based ME values to be equal to their NRC-77
values.

One may consider it from the standpoint of what is making

up each part of the formula ME of test ingredient equals ME value
of reference minus reference diet ME minus test diet ME.

In Trial 1,

the basal diet had virtually no fat within it to act synergistically
with a fat being tested.

However, when an oil is added there are,

according to Sell et al. (1980), fats and carbohydrates in the test
diet which may exhibit some degree of synergism.

Therefore, when

calculating the ME of fat based on a fat-free basal diet and glucose
as a reference then ME of the source equals ME value of reference
source minus

ME of the reference diet (no synergism occuring)

ME of test diet (with synergism) .

minus

So the greater the synergism

occuring in the test diet, the lower the determined ME value.

This

line of reasoning could be a possible explaination for the observations
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in Trial 1 that ME values were greater than their NRC-77 values.
The ME values in Trial 2, being equal to their NRC-77 value, could
be the result of synergism occuring equally in the reference and test
diets since both diets had carbohydrates and fats present.
The findings in Trial 2 also indicated that the beneficial
effect gained from blending saturated and unsaturated fats was not
realized for each unit increase in unsaturated fats.

When tallow

was mixed with 2% soybean oil an increase of .38 kcal/g was noted.
With an additional increase of 2% soybean oil (Trial 2) an increase
of only .14 kcal/g was noted.

Mateos and Sell (1980) reported

that an addition of as little as 2% unsaturated fat to a diet con
taining yellow grease caused an increase in ME above that which was
expected.

This does not agree with the results of Trial 2 wherein

NRC-77 values were not different from their determined ME values.
However, this is not to say that synergism was not occuring.

The

difference in measured ME have been due to the reference diet being
able to measure the synergism in both the test and reference diet.
Energy sources in Trials 3 and 4 which were statistically different
from their NRC-77 values may have been due to the fact that the ME
values measured with the reference diet used in these studies did
not contain a synergism error as do values in the NRC-77 tables.
Therefore, the values reported in this research more closely approxi
mates their actual ME value.
The three energy sources, fish oil, lard, and olive oil, whose
determined ME values were significantly less than their NRC-77 value,
also had the lowest measured gross energy values relative to oils and
fats of Trials 3 and 4.

This observation may account for their

measured values being less than the published NRC-77 values.

Any

other reasons for these low ME values would be speculation outside
the scope of this research.

SUMMARY

Four trials were conducted using Cobb broiler chicks to deter
mine if ME values which did not exceed their gross energy values could
be determined.

In addition to this objective, information concerning

level of replacement, drying temperature effect on ME values, and
choice of reference source were studied.

The response of males and

females to utilize energy equally was also studied.

The sources

studied in Trial 1 were soybean oil and tallow supplemented at 5, 10,
15% of the reference diet.

The reference material in Trial 1 was

glucose; however, it was also possible to calculate the ME value for
tallow and soybean oil at the 5 and 15% replacement levels using the
10% level of soybean oil as the reference diet.

The results based

on glucose in Trial 1 indicated that soybean ME values were statis
tically greater than those of tallow.

It was also observed that ME

based on glucose or soybeal oil as a reference were not different.
The 10% level of replacement yielded the highest ME when compared to
5 and 15% level of replacement.

The level * diet interaction was the

result of the 5% level of replacement not responding equally at the two
drying temperatures of 70C and 105C.

This response when further

examined was only significant for soybean oil.

The ME determined at

105C was significantly lower than the ME of soybean oil determined
at 70C.

The mean ME values based on glucose were significantly

greater than their NRC-77 values.

A significant diet effect was also

noted in Trial 2.

Diets containing only tallow as the added source

of energy were statistically different from the 4:6 and 2:8 SBO:
tallow blends and the 8:2 and 6:4 blends were statistically greater
than all the rest.

The measured ME values of all blends were

observed to be less than their measured gross energy values.
The blended ME values, however, were equal to their NRC-77
value.

The sexes responded equally with males having a mean ME equal

of 7.93 kcal/g and females, a mean ME value of 8.29 kcal/g.

Measured

ME values in Trial 3 and 4 were also observed to be lower than
gross energy.

However, metabolizable energy values were noted to

be equal to their respective NRC-77 values for only poultry and coco
nut oil.

The ME of fish oil, lard, and olive oil each differed sig

nificantly lower from their respective NRC-77 values.

The male and

female ME values measured in Trial 3 were not statistically different.
The males value of 7.49 kcal/g was not statistically greater than the
females value of 7.43 kcal/g.
4 was reversed.

However, the sex response for Trial

Females in Trial 4 were noted to use the energy

source studied more efficiently with regards to ME than males.
Female ME was 7.25 kcal/g as compared to the males value of 7.49
kcal/g.
The ME value reported for soybean oil in these studies ranged
iv y

from a low of 8.82 to a high of 9.68 kcal/g based on glucose and
soybean oil as a reference source.
not statistically different.

This .86 kcal/g range of ME was

The ME for tallow was noted to range

between a low. of 6.87 to a high of 7.81 kcal/g, based on glucose or
soybean oil as a reference.
significant.

This range of .94 kcal/g was non

CONCLUSIONS

The studies reported in this dissertation warrant the following
conclusions:
1.

The metabolizable energy of a fat and/or an oil which do
not exceed their gross energy values can be measured
when a relatively fat free basal diet is used as the
reference diet.

2.

The choice of a carbohydrate or oil as the reference source
does not influence the measured ME value for these fats
and/or oils.

3.

Level of inclusion, as well as type of fat being tested,
does not have an effect on the measured ME value of a
fat and/or oil.

4.

In no case were any measured ME values statistically
greater than any of the NRC-77 values.

5.

Drying fecal samples at 70 or 105C had no effect on the
ME value measured for fat or an oil.

6.

A significant interaction for temperature * energy source
and temperature * level was noted.

The 5% level of in

clusion and the drying temperature of 105C were noted to
be statistically different from all others.
7.

Sexes were equal in their ability to utilize only certain
energy sources in these studies.
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Chromic oxide bread

II-2

Nitrogen procedure

III-3

Chromium procedure

IV-4

The metabolizable energy (ME) means for Trial 1 based on
glucose as the reference source

V-5

The metabolizable energy (ME) means for Trial 1 based on
the ten percent level of glucose or soybean oil as the
reference source

VI-6

The metabolizable energy (ME) means for Trial 2 based on
soybean oil as the reference source

VII-7

The metabolizable energy (ME) means for Trial 3 based on
soybean oil as the reference source

VIII-8

The metabolizable energy (ME) means for Trial 4 based on
soybean oil as the reference source
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I-l.

Chromic oxide bread.
Wheat flour (70% by weight) and Cr 0

mixed with added water to make a slurry.
porcelain trays at 105C for 24 hr.

(30% by weight) were

This slurry was dried in

The dried chromic oxide bread

was ground in a Wiley Mill to a fine powder.

II-2.

Nitrogen procedure
Nitrogen was determined by use of macro-Kjeldahl method set-

forth in Association of Official Analytical Chemist (1965).

A one

gram sample was weighed out and placed in a digestion flask.

To

each flask was added 25ml concentrated sulfuric acid, 10 ml of
30% hydrogen peroxide, and a kelpack.

Samples were digested for

approximately 45 minutes or until cleared.

Cooled samples were

washed with 150 ml of distilled water into a 250 ml Erlenmeyer flask.
Samples were then filtered through No. 2 Whatman filter paper and
brought to volume in a 200 ml volumetric flask.

Nitrogen was deter

mined on filtrates by Auto-Analyzer Methodology from Association
of Official Analytical Chemists, 1975.
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III-3.

Chromium procedure
Peed and fecal chromium content were determined as follows.

One gram samples were heated in tared porcelain crucibles at 600 C
for six hours.

To the ashed samples were added 3 ml of phosphroic

acod-manganese sulfate solution, H3P°4 (85%) - MnSO^^O (.05M) and
4 ml of potassium bromate (.269M) were added.

Crucibles were covered

with watch glasses and digested for 5 to 7 min on a pre-heated hot
plate (98C).

Digested samples were allowed to cool.

The crucible

contents were washed with distilled water into a 200 ml volumetric
flask, which contained 25 mis of calcium chloride solution (.104M).
Flask were brought to volume with distilled water and filtered
(Whatman No. 2 filter paper).

A 5 ml aliquot of each filtrate was

placed into a 100 ml volumetric flask and brought to volume with
distilled water.

This solution was used to determine the chromium

content of the samples with an automatic analyzer using methodology
from Technicon Industrial Systems, 1972, with the exception that a
15 mm flow cell and a 9:1 40/hr cam was used.

Reagents Used in Procedure
for Chromium Determination
1.

MnSO^.4H20 solution.
Add 10 gms McS0^.4H20 to 100 ml volumetric flask
and make to volume with distilled water.

2.

Potassium bromate.
Add 45 gms KBrO^ to 1000 ml volumetric flask and
bring to volume with distilled water.

3.

Phosphoric-Magnesium sulfate solution.
Measure one liter H^PO^ (85%) into a volumetric.

Place in a reagent bottle and add 30 mis of the
MnSO^.411^0 solution prepared above.
Calcium Chloride
Add 11.54 g of anyhdrous CaCl2 (96%) or 14.67
gms of CaCl2 .21^0 to a 1 liter flask.
to volume with distilled water.

Bring up
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Table IV-4.

Temperature
(C)

The metabolizable energy (ME) means for Trial 1 based
on glucose as the reference source (kcal/kg)

Level
(%)

Energy
Source

ME

5

Soybean oil
Tallow

9.41
7.20

10

Soybean oil
Tallow

9.99
8.80

15

Soybean oil
Tallow

8.91
7.67

5

Soybean oil
Tallow

10.29
7.82

10

Soybean oil
Tallow

10.18
7.98

15

Soybean oil
Tallow

9.29
7.40

"'"The overall SE of the means in this trial is .229.
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Table V-5.

Reference

Glucose

Soybean oil

Glucose

Soybean oil

The metabolizable energy (ME) means for Trial 1 based
on the ten percent level of glucose or soybean oil as
the reference source (kcal/kg.1

Temperature
(C)

Energy
source

Level
(%)

ME

70

Soybean oil

5
15

9.80
9.13

70

Tallow

5
15

7.33
7.24

70

Soybean oil

5
15

8.83
8.81

70

Tallow

5
15

6.36
6.92

105

Soybean oil

5
15

9.21
8.88

105

Tallow

5
15

7.00
7.64

105

Soybean oil

5
15

8.81
8.82

105

Tallow

5
15

6.60
7.59

■^The overall SE of the means in this trial is .495.
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Table VI-6.

The metabolizable energy (ME) means for Trial 2 based
on soybean oil as the reference source (kcal/kg).1

Energy source
(soybean oil:tallow)

Sex

ME

8:2

Female
Male

8.72
9.08

6:4

Female
Male

9.20
8.56

4:6

Female
Male •

8.01
7.79

2:8

Female
Male

8.00
7.58

Female
Male

7.50
6.64

Tallow

’'’The overal SE of the means in this trial is .291.
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Table VII-7.

Energy source

The metabolizable energy (ME) means for Trial 3 based
on soybean oil as the reference source (kcal/kg)

Sex

ME

Coconut oil

Female
Male

8.35
8.55

Lard

Female
Male

7.55
7.12

Olive oil

Female
Male

6.98
6.08

■^The overall SE of the means in this trial is .207.
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Table VIII-8.

The metabolizable energy (ME) means for Trial 4 based
on soybean oil as the reference source (kcal/kg).1

Energy source

Sex

Fish oil

Female
Male

7.28
7.43

Poultry fat

Female
Male

7.59
7.55

^The overall SE of the means in this trial is .374.
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